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Description 

This Invention relates to protease enzyme inhibitors useful for a variety of physiological end-use applications. 
In its broad aspects, this invention relates to analogs of peptidase substrates in which the nitrogen atom of the 
5 scissile amide group of the substrate peptide has been replaced by H, or a substituted malonyl moiety. These analogs 
of the peptidase substrates provide specific enzyme inhibitors for a variety of proteases, the inhibition of which will 
have useful physiological consequences in a variety of disease states. 

Document EP-A-1 33 225 relates to peptide derivatives and their pharmaceutical applications as elastase inhibitors 
in the treatment of emphyzema and arthritis. 
10 Document in Chemical Abstracts, vol. 99, n° 21 , 21 November 1 983, p. 1 22 - 1 23 relates to the "preparation and 

properties of oxalyl- and malonyl-bis (methionyl) insulin". 

In its more specific aspects, this invention relates to derivatives of certain peptidase substrates which are useful 
in inhibiting serine-, thio-, and metallo-dependent protease enzymes, the inhibition of which will have useful physio- 
logical consequences in a variety of disease states. 
is still more specifically, this invention relates to derivatives of peptidase substrates which fall within the following 

generic groupings characterized according to their active site dependencies. Such generic groupings are: 

I. Serine Dependent Enzymes: These include such enzymes as Elastase (human leukocyte), Cathepsin G, 
Thrombin, Plasmin, C-1 Esterase, C-3 Convertase, Urokinase, Plasminogen Activator, Acrosin, p-Lactamase, D- 

20 Alanine-D-Alanine Carboxypeptidase, Chymotrypsin, Trypsin and Kallikreins. 

II. Thiol Dependent Enzymes: Cathepsin B and Calpain. 

III. Metallo Dependent Enzymes: These include Enkephalinase, Pseudomonas Elastase and Leucine Aminopepti- 
dase. 

25 The contemplated peptidase inhibitors of the foregoing enzymes are selected from the generic formula 
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RiNH^C-X I 
R2 

the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof wherein X is 

R4 

A 

-C C-R 5 Y 
II II 

o o 



is hydrogen, an amino protecting group selected from Group K,an a-amino acid or a peptide comprised of a 

number of a-amino acid building blocks, said a-amino acid or peptide optionally bearing on its terminal nitrogen 

atom an amino protecting group selected from Group K, 
R 2 is the "R group" residue of the a-amino acid responsible for directing the inhibitor to the active site of the enzyme 
so or is -A-SiR 7 R 8 R 9 , C V10 alkyl, aralkyl or aryl with R 7 , R 8 and R 9l each being selected from C^q alkyl, aralkyl or 

aryl and A is a 0 } . s alkylene, 
R 4 is the specific R-group residue of the a-amino acid for that peptidase substrate analog, 
R 5 is an a-amino acid or peptide comprised of a-amino acids or is deleted, 
Y is NHR 3 or OR 3 with R 3 being H, C^, 7 alkyl, benzyl or phenethyl. 



Unless otherwise stated the a-amino acids of the foregoing peptidase substrates are preferably in their L-config- 
uration. A compound of this invention may be in free form, e.g. amphoteric form, or a salt form, e.g., acid addition or 
anionic salt. A compound may be converted into its salt or base form in an art-known manner one Irom another. 
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Preferred salts are trifluoroacetate, hydrochloride, sodium, potassium or ammonium salts, although the scope of salts 
embraced herein is not limited thereto, the scope being extended to include all of the salts known to be used in the art 
of peptide chemistry. 

As used herein the term "alky!* includes the straight, branch ed-chain and cyclized manifestations thereof, partic- 

5 ularly such moieties as methyl, ethyl, n-butyl, t-butyl, cyclopropyl, n-propyl, pentyl, cyclopentyl, n-hexyl, cyclohexyl and 
cyclohexylmethyl. The term "aralkyP includes those aryl moieties attached to a £,.4 alkylene. The term ■aryl" within 
the definitions of R2 includes both carbocyclic and heterocyclic moieties. Preferred aralkyl and aryl moieties are phenyl, 
benzyl, naphthylmethyl, phenethyl, 2-pyridylmethyl, indolyl, pyridyl, indazolyl, furyl and thienyl are preferred. Other 
carbocyclics are such fused aryl moieties as pentalenyl, indenyl, naphthalenyl, azulenyl, heptalenyl, acenaphthylenyl, 

10 fluorenyl, phenalenyl, phenanthrenyl, anthracenyl, acephenanthrylenyl, aceanthrylenyl, triphenylenyl, pyrenyl, chryse- 
nyl and naphthacenyl. In the term "-A-SiRyF^Rg" the alkylene moiety (i.e. "A") is a straight or branched-chain C^, 7 
alkylene moiety separating the "SiRyRgR^ moiety from the carbon atom to which the "-A-SiRyReRg" radical is attached. 
Of the Ry, R 8 and R 9 radicals attached to the silicone atom it is preferred that two or three of these radicals be a C v7 
lower alkyl radical (preferably methyl or ethyl) and that when one of them contains an aryl radical it is preferred that 

is that radical be a benzyl radical. It is preferred that the alkylene moiety be methylene. Preferred moieties are trimeth- 
ylsilylmethyl, triethylsilylmethyl : benzyldiethylsilylmethyl, benzytdimethyisilylmethyl, benzylethylmethylsilylmethyl, 
dimethyl-(3-pyridylmethyl)silylmethyl, dimethyl-(3-indolylmethyl)silylmethyl, and the like. 

Before further defining and/or illustrating the scope of the peptidase substrate inhibitors embraced by Formula I, 
it may be convenient to state some of the more basic concepts related to peptides. For example, except for proline, 

20 all of the a-amino acids found in proteins have, as a common denominator, a free carboxyl group and a free unsubsti- 
tuted amino group on the cc-carbon atom (in proline, since proline's a-amino group is substituted it is really an a-imino 
acid, but for convenience, it will also be spoken of as an a-amino group). Additionally, each a-amino acid has a char- 
acteristic "R-group", the R-group being the side-chain, or residue, attached to the a-carbon atom of the a-amino acid. 
For example, the R-group residue for glycine is hydrogen, for alanine it is methyl, for valine it would be isopropyl. (Thus, 

25 throughout this specification the F^ and R 4 moiety is the residue R-group for each indicated a-amino acid or is another 
radical which may be defined for these sites for any given protease inhibitors). For the specific R-groups - or side 
chains - of the a-amino acids reference to AL. Lehninger's text on Biochemistry (see particularly Chapter 4) would be 
helpful. 

As a further convenience for defining the scope of the compounds embraced by the generic concept of Formula 
30 1 , as well as the sub-generic concepts relating to each of the individual enzymes involved in this invention, various a- 
amino acids have been classified into a variety of groups which impart similar functional characteristics for each of the 
specific enzymes to be inhibited by the peptidase substrates of Formula 1. These groups are set forth in Table II and 
the recognized abbreviations for the a-amino acid blocks are set forth in Table I. 

35 TABLE I 



| AMINO ACID 


SYMBOL 


Alanine 


Ala 


Arginine 


Arg 


Aspargine 


Asn 


Aspartic acid 


Asp 


Asn + Asp 


Asx 


Cysteine 


Cys 


Glutamine 


Gin 


Glutamic acid 


Glu 


Gin + Glu 


Glx j 


Glycine 


Gly 


Histidine 


His 


Isoleucine 


lie 


Leucine 


Leu 


Lysine 


Lys 
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TABLE I (continued) 



AMINO ACID 


SYMBOL 


Methionine 


Met 


Phenylalanine 


Phe 


Proline 


Pro 


Serine 


Ser 


Threonine 


Thr 


Tryptophan 


Trp 


Tyrosine 


Tyr 


Valine 


vai 


Norvaline 


n-Val 


Norleucine 


n-Leu 


1-Naphthylalanine 


Nal(1) 


2-lndolinecarboxylic acid 


Ind 


Sarcosin 


Sar 
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TABLE II 

Group A: Lys and Arg 
B: Glu, Asp 

C: Ser, Thr, Gin, Asn, Cys, His, ( 3-pyrazolyl )Ala , 

(4-pyrimidinyl )Ala, and N-methyl derivatives 
C 1 : Ser, Thr, Gin, Asn and Cys, and their N-methyl 

derivatives 
■ D: Pro, Ind 

E: Ala, B-Ala, Leu, He, Val, n-Val, B-VaL, Met, 

n-Leu and n-methyl derivatives 

(B- representing beta) 
E': Leu, He, n-Val, Met, n-Leu, CHM and their N-methyl 

derivat i ves 

F: Phe, Tyr, O-Methyl Tyrosine, ( 3-pyrazolyl ) Ala , 
(4-pyrimidinyl )ALa, Trp, Nal(l), and N-raethyl 
derivatives 

F 1 : Phe, Tyr, O-methyltyrosine, Trp, Nal~(l) and their 

N-methyl derivatives. 
G: Gly, Sar 
G f : Gly 
J: 

NH NH 

// // 



-CH 2 0( e -)NHC (J-U -CH 2 0(p-)C (J-2) 

NtfH 2 \ NH 2 

NH NH 
// // 
-0( E )-CH 2 NHC (J-3) an d -0(p)-CH 2 C (J _ 4) 

\ \ 
45 NH 2 NH 2 

with 0, of course, representing phenyl (it being 
understood that the bond of Jl-4 is always attached to 

50 J 

the carbon atom of the involved amino acid as is, for 
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example, the R 2 residue of the involved reposition 
amino acid). 

K: Acetyl (Ac), Succinyl (Sue), Methoxysucciny 1 

(H 3 COSuc), Benzoyl (Bz), t-Butyloxycarbonyl (Boc), 
Carbobenzoxy (CBZ), Tosyl (Ts), Dansyl (DNS), Iso- 
valeryl (Iva), Methoxysuccinyl (MeOSuc), 1-Adamant- 
anesulphonyl (AdS0 2 ), 1-Adamantaneacetyl (Ad Ac ) , 
2-Carboxybenzoyl (2-CBZ), Phenylacetyl , t-Butylacetyl 
(Tba), bis [( 1-naphthyl )methyl ] acetyl (BNMA), or K f 
K 1 : A-Rz wherein 

oooo 

II II II II 

A is -C-, -N-C-, -0-C- or -^S- 

I II 
H O 

and Rz is an aryl group containing 6, 10 or 12 carbons 
suitably substituted by 1 to 3 members selected 
independently from the group consisting of fluoro, 
chloro,bromo, iodo, trif luoromethyl , hydroxy, alkyl 
containing from 1 to 6 carbons, alkoxy containing from 
1 to 6 carbons, carboxy, alkylcarbonylamino wherein 
the alkyl group contains 1 to 6 carbons, 5~tetrazolo, 
35 and acylsul f onamido (i.e., acylaminosulf onyl and 

sulf onylaminocarbonyl ) containing from 1 to 15 
carbons, provided that when the acylsulf onamido 
40 contains an aryl the aryl may be further substituted 

by a member selected from fluoro, chloro, bromo, iodo 
and nitro; and such other terminal amino protecting 
groups which are functionally equivalent thereto. 

45 

In those instances wherein the normal R-group residue of an ot-amino acid contains an -OH radical (e.g. serine, 
threonine and tyrosine), it is to be understood that such radical can be derivatized. For example, in each of the foregoing 
instances the -OH radical can be converted to an ether. When so converted, such as for example to their methyl ethers, 
50 then such radicals will be referred to as O-methyl Ser, O-methyl Thr and O-methyl Tyr, respectively. These methyl ether 
radicals may also be depicted as 



w 



15 



20 



25 



30 



55 



i I i 

CH 2 0Me, H 3 CHC-0Me and CH 2 0-GMe(p), 

respectively. Similarly, other type derivatives will be analogously represented. 

In those instances wherein Group K represents an -A-Rz moiety, it is preferred that A represent -C(=0)- and that 
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Rz represent acylsulfonamido, particularly those wherein the acylsulfonamido contains an aryl moiety (preferably phe- 
nyl) substituted by a halogen. The preferred -A-Rz moieties being 4-[(4-chlorophenyl)surfonylaminocarbonyl]phenyl- 
carbonyl. 4-[(4-bromophenyl)sulfonylaminocarbonyl]phenylcarbonyl and 4-[phenylsulfonylaminocarbonyl]phenylcarb- 
onyl (said moieties being abbreviated as 4-CI 0-SAC-Bz, 4-Br 0-SAC-Bz and 0-SAC-Bz, respectively). 
5 Quite obviously the modifications to the scissile amide bond of the peptidase substrates of this invention present 

certain nomenclature difficulties. In order to maintain a general consistency throughout this application the following 
explanations are offered to obviate any ambiguities relating to the scope and intent of this invention. 
In those instances wherein the compounds are defined by the formula 

10 

,,ra Js c ^ c / RsY 

I il II 

75 R 2 0 0 



the R 2 moiety is the residue of the a-amino (or other defined moiety) located at the position, R n is either a protecting 
20 group moiety from the defined Group K, or is an a-amino acid or peptide moiety (having up to 4 a-amino acids). In 
defining the R, moiety for each specific enzyme, the amino acid or the amino acid of the peptide will be defined according 
to the P-position it occupies. For example, an V\ A peptide having 2 amino acids will consist of P 2 -P 3 moieties, one 
having 3 amino acids will consist of P 2 -P 3 -P 4 moieties while one having 4 amino acids will consist of P2-P3-P4-P5 
moieties. In all such instances the terminal nitrogen atom of such moieties may optionally bear a protecting group from 
25 the defined K group which, of course, includes the -A-Rz moiety. In defining the specific R, moieties for each of the 
individual protease enzyme inhibitors involved in this invention R 1 will, for example, define a P2P3 moiety bearing the 
Group K protecting group as P 2 P 3 P g , P g representing a protecting group of Group K on its terminal amine. If the terminal 
a-amino acid does not bear a protecting group it would then be represented as P 2 P 3 . In those instances wherein R 5 
is a peptide, each a-amino acid will (when appropriate) be numbered sequentially (i.e., R 5 .^, R^, R5-3. etc), and Y will 
30 be designated as the terminus of the substrate. In practice, it is preferred that the Rg moiety contain no more than 3 
amino acid units. For example, assume is a peptide containing two amino acids (Phe and val) the terminal nitrogen 
atom of which bears a CBZ moiety, R 2 is the residue of the a-amino acid Arg, R 4 is the residue of the a-amino acid 
Leu, R 5 is the dipeptide consisting of two amino acids Ser and Val and Y is NHR 3 with R 3 being CH 3 . That compound 
would be written as 

35 

CBZ-Phe-Val-Arg[C(0)LeuJ-SerValNHCH 3 . 



The bracketed moiety (i.e.[C(0)Leu]) is used as an alert that the nitrogen atom of the P\ a-amino acid has been 
40 replaced by a carbonyl function, with Leu being the R4 residue of that a-amino acid. Of course, it is also to be recognized 
that the bracketed moiety represents a malonyl moiety but for consistency and convenience it is preferred to designate 
that moiety as shown. The P' 2 and P' 3 moieties (i.e. SerVal) represent the R 5 moiety, Ser and Val may sometimes be 
referred to as R^ and R^, respectively, with NHCH 3 representing the Y group at the terminal portion of the substrate. 
If R 5 were deleted and Y were OH or OCH 3 , the compounds would be written as CBZ-Phe-Val-Arg[C(0)Leu]OH or 
45 CBZ-Phe-Val-Arg[C(0)Leu]OCH 3 , respectively. 

In the light of the foregoing, the compounds of this invention are peptidase inhibitors capable of inhibiting enzymes 
of the group consisting of Human leukocyte elastase, Cathepsin G, Thrombin, Plasmin, C-1 Esterase, C-3 Convertase, 
Urokinase, Plasminogen Activator, Acrosin, p-Lactamase, D-Alanine-D-Alanine Carboxypeptidase, Chymotrypsin, 
Trypsin, Kallikreins, Cathepsin B, Calpain, Retroviral proteases required for replication, Enkephalinase, Pseudomonas 
50 elastase and Leucine aminopeptidase and are defined as: 
Peptidase inhibitors having the formulae 

R 1 NHCHR 2 C(0)X 

55 and 4 * I 

R 1 NHCHR 2 CH(0H)X 
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the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, wherein 



X is -C(0)CHR 4 C(0)R 5 Y, 

is H, an amino protecting group of Group K, an a-amino acid, a peptide comprised of 2 to 4 ct-amino acids, an a- 
amino acid bearing a Group K protecting group or a peptide comprised of 2 to 4 a-amino acids, the terminal amino 
acid of which bears a Group K protecting group. 

R 2 is a residue of an a-amino acid, -A-SiRyRgRg, C,.^ alkyl, aralkyl or aryl, 

A is C v6 alkylene and each of 



R 7 , R 6 and R 9 being C 1a10 alkyl, aralkyl or aryl, 



R 4 is a residue of an a-amino acid, 

R 5 is an a-amino acid, a peptide comprised of 2 to 4 a-amino acids or is deleted, 

Y is NHR 3 or OR 3 with 

R 3 is H, C^y alkyl, benzyl or phenethyl, 

the said protecting groups, a-amino acids or peptide moieties being selected from Groups A, B, C, D, E, F, G, J, C\ 
E\ F\ G* and K, said groups being: 



A: LysandArg 
B: Glu, Asp 

C: Ser, Thr, Gin, Asn, Cys, His, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, and their N-methyl derivatives 
C*: Ser, Thr, Gin, Asn and Cys, and their N-methyl derivatives 
D: Pro, Ind 

E: Ala, (i-Ala, Leu, He, Val, n-Val, p-Val, Met, n-Leu and their methyl derivatives 
E': Leu f lie, n-Val, Met, n-Leu, CHM and their N-methyl derivatives 

F: Phe, Tyr, O-Methyl Tyrosine, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, Trp, Nal(1), and their N-methyl derivatives 

F 1 : Phe, Tyr, O-methyltyrosine, Trp, Nal-{l) and their N-methyl derivatives. 

G: Gly, Sar 

G': Gly 

J: 

NH /H 
-CH 2 0(e-)NHC^ (J-D -CH 2 0(p-)C (J-2) 

\*H 2 ^ NH 2 



NH ^NH 
-0( B )-CH 2 NHC (J _3) and -0( E )-CH 2 C (J _ 4) 

NH 2 NH 2 



K: Acetyl (Ac), Succinyl (Sue), Methoxysuccinyl (H 3 COSuc), Benzoyl (Bz), t-Butyloxycarbonyl (Boc), Carbobenzoxy 
(CBZ), Tosyl (Ts), Dansyl (DNS), Isovaleryl (Iva), Methoxysuccinyl (MeOSuc), 1 -Adamantanesulphonyl (AdS0 2 ), 
1 -Adamantaneacetyl (Ad Ac), 2-Carboxybenzoyl (2-CBZ), Phenylacetyl, t-Butylacetyl (Tba), bis [(1 -naphthyl)me- 
thyl]acetyl (BNMA), or K' 

K': A-Rz wherein 
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0 0 0 0 

II II II II 

A is -C-, -N-C-, -0-C-, or -S- 
I II 
H O 

and Rz is an aryl group containing 6, 10 or 12 carbons suitably substituted by 1 to 3 members selected inde- 
10 pendently from the group consisting of fluoro, chtoro.bromo, iodo, trifluoromethyl, hydroxy, alkyl containing from 

1 to 6 carbons, alkoxy containing from 1 to 6 carbons, carboxy, alkylcarbonylamino wherein the alkyl group 
contains 1 to 6 carbons, 5-tetrazolo, and acylsulfonamido containing from 1 to 15 carbons, provided that when 
the acylsulfonamido contains an aryl the aryl may be further substituted by a member selected from fluoro, chloro, 
bromo, iodo and nitro. 

15 

Compounds of Formula I which are useful as inhibitors of calpain and Cathepsin B are compounds of the formula 

RjNHCHRjCpjX lu 

20 

wherein X is -C(0)CHR 4 C(0)R 5 Y, 

R t is P 2 P 3 or P 2 P 3 P g! P g being a Group K protecting group, preferably the protecting groups are CBZ, Bz or Ac, 

25 p 2 is an a-amino acid of Groups E or F, preferably Val, He, Ala or Pro, 

P 3 is an a-amino acid of Groups B, E, F or is deleted, preferably P 3 is deleted or is lie, 

R 2 is H, a the side chain of a-amino acids of Groups E, F, J, naphthyl, 0^. 7 alkyl, benzyL phenethyl, or A-SiR 7 R 8 R 9 , 
R 7 , R 8 and R 9 being C^q alkyl, phenyl, benzyl, phenethyl and A is _ 6 alkylene, preferably F^ is cyclohexylmethyl, 
30 Phe or naphthyl, 

R 3 is C-,.6 alkyl, benzyl or phenethyl, preferably C,_ 6 alkyl, 
R 4 is the residue of an a-amino acid of Groups C, E or H, 
R 5 is deleted, and 
Y is OR 3 or NHR a . 

35 

By their inhibition of calpain and cathepsin B proteases the compounds of (lu) will (a) have an effect on cell motility 
through the extracellular matrix rendering the compounds useful for treating cancer metastases; (b) have long term 
changes in regulatory proteins (e.g. down-regulation of protein kinase C and breakdown of the cytoskeleton causing 
secondary effects on platelet activation such as (for enhancing clot formation) leukocyte degranulation (for treating 

*o inflammation and immunological diseases, e.g. arthritis, emphysema, multiple sclerosis, and systemic lupus); (c) have 
a general intracellular proteolysis, particular muscle cells, causing secondary effect on ischemia/reperf usion cell death, 
thereby rendering the compounds useful for treating stroke and heart attacks; and (d) will aid in blocking the lysis of 
red blood cells rendering the compounds useful in the treatment of conditions associated with' excessive hemolysis 
such as in Sickle cell anemia and in kidney dialysis. It is to be expected that the end-use application dose range will 

45 be about 0.01 to 10 mg per kg of body weight per day for an effective therapeutic effect. 

The preparation of the compounds of this invention may be effected by standard chemical processes analogously 
known in the art. The processes are depicted in Reaction Schemes A and B and described as follows: 



50 



55 
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Reaction Scheme A 

R,NHCHC(0)0H 
1 I 

R ' (2) 



jR ( HNCHR s ( 0 )0C ( 0 )0CH i CH ( CH, )j 



(3) 



R.NHCHC(0)NOCH. 



LiCHR C(0)Y 



Acylation 



R a CH, 
(4) 

(LiCHR COOEt) 



Acylation 



R ,NHCHCH(0H 
' I I 
R R 
(6) 



Ox 



idation^ 



C(0)CHC(0)0Et R,NHCHCH(OH)C(0)CHC(0)Y 

I I 

R > R. 
(12) 



t 



RNHCHC(0)C(0)CHC(0)Et R NHCHC(0)C(0)CHC(0)Y 



R, R, 

(7) 

Saponification^ 

R,NHCHC(0)C(0)CHC(0)OH 
I 



R 



(13) 



R. 



R. 



(8) 



Coupling 



H(NHCHC(0)) Y* 
1 , 



(9) 

R,NHCHC(0)C(0)CHC(0)(NHCHC(0)) Y' 
I I I 

R, R Rj ' 

(10) 
Deprotection 



i 



R | NHCHC(0)C(O)CHC(O)(NHCHC(0)) y 

I , . 



R. 



R ' 

5 



(11) 



wherein 



Y' is NHR 3) OR 3> P gt 

Y is NHR 3 or OR 3 , R 3 being alkyL benzyl or phenethyh 

R 5 ' is a residue of an amino acid, 

n is 1 to 4 and R 1t R 2 and R 4 are as previously defined. 
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Reaction Scheme B 

R,NHCHC(0)N-0CH, 4- 
Ro 



R -C=C- N 
4 I 
C=0 
I 

R. 



10 



IS 



(4) 



(14) 



20 



25 



30 



R.NH-CH-C-C- N 
1 I II 

R 2 C-R. 
I 4 
HC=0 
I 

(15) 



R.NHCH-C-C 



35 



(16) 



40 



45 



50 
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wherein 

R 1t R 2 . R4. R5 and Y are as previously defined. In effecting the processes of the foregoing Reaction Scheme A, the 
starling materials (2) are subjected to process step (a) which is initiated by anionizing the starting material with a base, 
preferably N-methyl morpholine, triethylamine (TEA), diisopropylethylamine (DIEA) or other suitable amines. Preferably 
the anion is formed using excess quantities of the amine, stirring the mixture at about -15°C to 10°C, preferably 0°C. 
Addition of an equivalent amount of isobutylchloroformate with cooling at about -20°C forms an in situ mixed anhydride 
(3). (Other equivalent^ functioning peptide coupling agents, such as diethylcyanophosphonate : DCC, BOP reagents, 
BOP chloride, may be used in place of isobutylchloroformate.) Addition of molar equivalent amounts of N.O-dimethyl- 
hydroxylamine to the activated in situ intermediate (3) yields a dimethylhydroxamic acid derivative (i.e. an N-methyl- 
N-methoxy amide) of Formula 4. This coupling step is conducted under an inert atmosphere (argon or nitrogen) under 
anhydrous conditions. 

The so-produced peptidyl, a-hydroxy-N-methyl-N-methoxy amides of Formula (4) are acylated, using the alkyl 
lithio acetates of Formula (5), by standard acylation conditions such as by reaction of the amides (4) with the alkyl lithio 
derivatives (5) at about -78° C for about one hour and the resultant reaction mixture is allowed to warm to room tem- 
perature, following which the mixture is quenched by its addition to dilute hydrochloric acid to produce the desired 
intermediates of Formula (6). These hydroxy intermediates are subjected to oxidation procedures such as by use of 
(1 ) the Swern oxidation procedure, (2) a modified Jones reaction using pyridinium dichromate, (3) a chromic anhydride- 
pyridinium complex or (4) with I.IJ-triacetoxy^.l-benzoxiodol. 

In general the Swern oxidation is effected by reacting about 2 to 10 equivalents of dimethylsulfoxide (DMSO) with 
about 1 to 6 equivalents of trifluoromethylacetic anhydride [(CF 3 CO) 2 0] or oxalyl chloride [(COCiy, said reactants 
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being dissolved in an inert solvent, e.g., methylene chloride (CHgCy, said reactor being under an inert atmosphere 
(e.g., nitrogen or equivalently functioning inert gas) under anhydrous conditions at temperatures of about -80° C to 
-50°C to form an in s/fu sulfonium adduct to which is added about 1 equivalent of the alcohols of Formula (6). Preferably, 
the alcohols are dissolved in an inert solvent, e.g., CH 2 CI 2 or minimum amounts of DMSO, and the reaction mixture 

5 is allowed to warm to about -50°C (for about 10-20 minutes) and then the reaction is completed by adding about 3 to 
10 equivalents of a tertiary amine, e.g., triethylamine, N-methyl morpholine, etc. Following oxidation the desired inter- 
mediates (7) are isolated and are ready for the next step of the reaction sequence. 

In general, the modified Jones oxidation procedure may conveniently be effected by reacting the alcohols (6) with 
pyridinium dichromate by contacting the reactants together in a water-trapping molecular sieve powder, e.g., a ground- 

10 ed 3 Angstrom molecular sieve), wherein said contact is in the presence of glacial acetic acid at about 0°C to 50°C, 
preferably at room temperature. 

Alternatively, 1 to 5 equivalents of a chromic anhydride-pyridine complex (i.e., a Sarett reagent prepared in situ 
(see Fieser and Fieser "Reagents for Organic Synthesis' Vol. 1, pp. 145 and Sarett, et al., J.A.C.S. 25, 422, (1953)) 
said complex being prepared in situ in an inert solvent (e.g., CH 2 CI 2 ) in an inert atmosphere under anhydrous conditions 

is at 0°C to 50°C to which complex is added 1 equivalent of the alcohols (6) allowing the reactants to interact for about 
1 to 15 hours, followed by isolation of the desired product (7). 

Another alternative process for converting the alcohols (6) to the desired ketones (7) is an oxidation reaction which 
employs periodane (i.e., 1,1,1-triacetoxy-2,1-benzoxiodol, (see Dess Martin, J. Org. Chem. , 48, 4155, (1983)). This 
oxidation is effected by contacting about 1 equivalent of the alcohols (6) with 1 to 5 equivalents of periodane (preferably 

20 1 .5 equivalents), said reagent being in suspension in an inert solvent (e.g., methylene chloride) under an inert atmos- 
phere (preferably nitrogen) under anhydrous conditions at 0°C to 50°C (preferably room temperature) and allowing 
the reactants to interact for about 1 to 48 hours. 

Following oxidation and isolation, the acids of Formula (8) may be prepared by saponification procedures well 
known in the art, such as reaction of the esters with lithium hydroxide in a dioxane/water solvent mixture. 

2S The products of Formula (9) may be obtained by coupling the acids (8) with the appropriate amine, using standard 

peptide coupling procedures using such coupling agents as isobutylchloroformate (and others as described above) 
according to procedures well known in the art. Following the coupling, the amino protecting groups may be selectively 
removed and the esters may be converted to their acids using standard procedures well known in the art. 

The compounds of Formula (4) may also be converted to the desired malonyl derivatives wherein n is zero (i.e., 

30 R 5 is deleted) by acylation and oxidation procedures similar to those described above to produce compounds (12) and 
(13) respectively. 

Alternatively, compounds of Formula (16) may be prepared by the reaction of Scheme B which essentially involves 
subjecting the hydroxamic derivatives of Formula (4) to a nucleophilic attack by an acylation with (i-vinyl anion synton 
according to the techniques of R.R. Schmidt and J. Talbiershyl [Angew. Chem. Int. Ed. Engl. Vol. 15 (1976) No 3, page 

35 171], which entails reaction of a p-acylenamine anion (14) (formed by treatment of the corresponding |i-acylenamine 
with t-butyl lithium at temperatures below -100°C) with the hydroxomic derivatives (4) to produce compounds (15) 
which, upon sequention treatment with trifluoroacetic acid and water, form the desired compounds of Formula (16). 

The solid phase sequential procedure can be performed using established automated methods such as by use of 
an automated peptide synthesizer. In this procedure an amino protected amino acid is bound to a resin support at the 

40 carboxy terminal end, the amino acid is deprotected at the amino position at which a peptide linkage is desired, the 
amino group neutralized with a base and the next amino protected amino acid in the desired sequence is coupled in 
a peptide linkage. The deprotection, neutralization and coupling steps are repeated until the desired polypeptide is 
synthesized. The compounds of the present invention are thus synthesized from their carboxy terminal end to their 
amino terminal end. The amino protected amino acid can be a conventional amino acid, a derivative or isomer thereof, 

45 or a spacer group. The resin support employed can be any suitable resin conventionally employed in the art for the 
solid phase preparation of polypeptides. The preferred resin is polystyrene which has been cross-linked with from 
about 0.5 to about 3% drvinyl benzene, which has been either benzhydrylamidated, chloromethylated or hydroxymeth- 
ylated to provide sites for amide or ester formation with the initially introduced amino protected amino acid. 

An example of a hydroxymethyl resin is described by Bodansky et al. [Chem. Ind. (London) 38, 1597-98 (1966)]. 

50 The preparation of chloromethyl and benzhydrylamine resins are described by Stewart et al. ("Solid Phase Peptide 
Synthesis", 2nd Edition, Pierce Chemical Co., Rockford, Illinois (1984), Chapter 2, pp. 54-55]. Many of these resins 
are available commercially. In general, the amino protected amino acid which is desired on the carboxy-terminal end 
of the peptide is bound to the resin using standard procedures and practices as are well known and appreciated in the 
art. For example, the amino protected amino acid can be bound to the resin by the procedure of Gisin [Helv. Chem. 

55 Acta, 56, 1476 (1973)]. When it is desired to use a resin containing a benzhydrylamine moiety as the resin binding site 
an amino protected amino acid is coupled to the resin through an amide linkage between its a-carboxylic acid and the 
amino moiety of the resin. This coupling is effected using standard coupling procedures as described below. Many 
resin-bound amino acids are available commercially. 
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The a-amino protecting group employed with each amino acid introduced into the polypeptide sequence may be 
any such protecting group known in the art. Among the classes of amino protecting groups contemplated are: (1) acyl 
type protecting groups such as formyl, trifluoroacetyl, phthalyt, p-toluenesuffonyl (tosyl), benzenesulfonyl, nitrophenyl- 
sulfenyl, tritytsulfenyl, o-nitrophenoxyacetyl, and a-chtorobutyryl; (2) aromatic urethane type protecting groups such 

5 as benzyloxycarbonyl and substituted benzyloxycarbonyls such as p-chlorobenzyloxycarbonyl, p-methoxybenzyloxy- 
carbonyl, p-nitrobenzyloxycarbonyt, p-bromobenzyloxycarbonyl, 1-(p-biphenylyl)-1-methylethoxycarbonyl, a-, a-dime- 
thyl-S.S-dimethoxybenzyloxycarbonyl, and benzhydryloxycarbonyl; (3) aliphatic urethane protecting groups such as 
tert-butyloxycarbonyl (Boc), diisopropylmethoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl, and allytoxycarbonyl; 
(4) cycloalkyl urethane type protecting groups such as cyclopentyloxycarbonyl, adamantyloxycarbonyl, and cyclohex- 

10 yloxycarbonyl; (5) thio urethane type protecting groups such as phenylthiocarbonyl; (6) alkyl type protecting groups 
such as triphenylmethyl (trityl) and benzyl (Bzl); (7) trialkylsilane protecting groups such as trimethylsilane. The pre- 
ferred a-amino protecting group is tert-butyloxycarbonyl (Boc). The use of Boc as an a-amino protecting group for 
amino acids is described by Bodansky et al. in "The Practice of Peptide Synthesis", Springer- Verlag, Berlin (1 984), p. 20. 
Following the coupling of the amino protected amino acid to the resin support, the a-amino protecting group is 

is removed using any suitable procedure such as by using trifluoroacetic acid, trifluoroacetic acid in dichloromethane, or 
HCI in dioxane. The deprotection is carried out at a temperature of between 0°C and room temperature. Other standard 
cleaving reagents may be used for removal of specific amino protecting groups under conditions well known and ap- 
preciated in the art. 

After removal and neutralization of the a-amino protecting group the next desired amino-protected amino acid is 

20 coupled through a peptide linkage. This deprotection, neutralization and coupling procedure is repeated until a polypep- 
tide of the desired sequence is obtained. Alternatively, multiple amino acid groups may be coupled by the solution 
method prior to coupling with the resin supported amino acid sequence. 

The selection and use of an appropriate coupling reagent is within the skill of the ordinary practitioner in the art. 
Particularly suitable coupling reagents where the amino acid to be added is Gin, Asn, or Arg are N,N-dicyclohexylcar- 

25 bodiimide and 1 -hydroxybenzotriazole. The use of these reagents prevents nitrile and lactam formation. Other coupling 
agents are (t ) carbodiimides (e.g., N,N-dicyclohexylcarbodiimide and N-ethyl-N'-(y-dimethylaminopropylcarbodiimide); 
(3) ketenimines; (4) isoxazolium salts (e.g., N-ethyl-5-phenylisoxazolium-3-sulfonate); (5) monocyclic nitrogen con- 
taining heterocyclic amides of aromatic character containing one through four nitrogens in the ring such as imidazolides, 
pyrazolides, and 1,2,4-triazolides (specific heterocyclic amides that are useful include N : N-carbonyldiimidazole and 

30 N^-carbonyl-di-l^^-triazole); (6) alkoxylated acetylene (e.g., ethoxyacetylene); (7) reagents which form a mixed 
anhydride with the carboxyl moiety of the amino acid (e.g., ethylchloroformate and isobutylchloroformate) or the sym- 
metrical anhydride of the amino acid to be coupled (e.g., Boc-Ala-o-Ala-Boc); (8) nitrogen containing heterocyclic 
compounds having a hydroxy group on one ring nitrogen (e.g., N-hydroxyphthalimide, N-hydroxysuccinimide, and 
t -hydroxybenzotriazole). Other activating reagents and their use in peptide coupling are described by Kapoor [J. 

35 Pharm. Sci.,59, 1-27 (1970)]. The generally preferred coupling method for the amino acids used in the present invention 
is the use of the symmetrical anhydride as the coupling agent. 

The preferred coupling method for Gin. Asn and Arg is to react the protected amino acid, or derivatives or isomers 
thereof, with N,N-dicyclohexylcarbodiimide and 1 -hydroxybenzotriazole (1:1) in N,N-dimethylformamide (DMF) in the 
presence of the resin or resin-bound amino acid or peptide. The preferred coupling method for other amino acids 

40 involves reacting the protected amino acid, or derivative or isomer thereof, with N^-dicyclohexylcarbodiimide in dichlo- 
romethane to form the symmetrical anhydride. The symmetrical anhydride is then introduced into the solid phase 
reactor containing the resin or resin-bound amino acid or peptide, and the coupling is carried out in a medium of (DMF), 
or dichloromethane, or DMF: dichloromethane (1:1). A medium of DMF is preferred. The success of the coupling 
reaction at each stage of the synthesis is monitored by a ninhydrin test as described by Kaiser et al. [Analyt. Biochem. 

45 34, 595 (1970)]. In cases where incomplete coupling occurs, the coupling procedure is repeated. If the coupling is still 
incomplete, the deprotected amine is capped with a suitable capping reagent to prevent its continued synthesis. Suit- 
able capping reagents and the use thereof are well known and appreciated in the art. Examples of suitable capping 
reagents are acetic anhydride and acetylimidazole as described by Stewart et al. ["Solid Phase Peptide Synthesis", 
2nd Ed., Pierce Chemical Co., Rockford, III. (1984), Chapter 2, p. 73]. 

50 After the desired amino acid sequence has been obtained, the peptide is cleaved from the resin. This can be 

effected by procedures which are well known and appreciated in the art, such as by hydrolysis of the ester or amide 
linkage to the resin. It is preferred to cleave the peptide from the benzhydrylamine resin with a solution of dimethyl 
sulfide, p-cresol, thiocresol, or anisole in anhydrous hydrogen fluoride. The cleavage reaction is preferably carried out 
at temperatures between about 0°C and about room temperature, and is allowed to continue preferably from between 

55 about 5 minutes to about 5 hours. 

As is known in the art of solid phase peptide synthesis, many of the amino acids bear side chain functionalities 
requiring protection during the preparation of the peptide. The selection and use of an appropriate protecting group for 
these side chain functionalities is within the ability of those skilled in the art and will depend upon the amino acid to be 
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protected and the presence of other protected amino acid residues in the peptide. The selection of such a side chain 
protecting group is critical in that it must not be removed during the deprotection and coupling steps of the synthesis. 
For example, when Boc is used as the a-amino protecting group, the following side chain protecting groups are suitable: 
p-toluenesulfonyl (tosyl) moieties can be used to protect the amino side chains of amino acids such as Lys and Arg; 

5 p-methy (benzyl, acetamidomethyl, benzyl (Bzl), or t-butylsulfonyl moieties can be used to protect the sulfide containing 
side chains of amino acids such as cysteine, homocysteine, penicillamine and the like or derivatives thereof; benzyl 
(Bzl) or cyclohexyl ester moieties can be used to protect carboxylic acid side chains of amino acids such as Asp, Glu; 
a benzyl (Bzl) ether can be used to protect the hydroxy containing side chains of amino acids such as Ser and Thr; 
and a 2-bromocarbobenzoxy (2Br-Z) moiety can be used to protect the hydroxy containing side chains of amino acids 

10 such as Tyr. These side chain protecting groups are added and removed according to standard practices and proce- 
dures well known in the art. It is preferred to deprotect these side chain protecting groups with a solution of anisole in 
anhydrous hydrogen fluoride (1:10). Typically, deprotection of side chain protecting groups is performed after the pep- 
tide chain synthesis is complete but these groups can alternatively be removed at any other appropriate time. It is 
preferred to deprotect these side chains at the same time as the peptide is cleaved from the resin. 

f5 The compounds are then isolated and purified by standard techniques. The desired amino acids, derivatives and 

isomers thereof can be obtained commercially or can be synthesized according to standard practices and procedures 
well known in the art. 

The following specific examples are given to illustrate the preparation of this invention although the scope of com- 
pounds is meant to be limiting to the scope of compounds embraced by formula I. 

20 

EXAMPLE 1 

4-Hydroxv-6-phenyl-5-r((phenylmethoxy)carbonyl)amino1-3-oxohexanoic Acid Ethyl Ester 

25 A solution of 2-hydroxy-4-phenyl-3-[((phenylmethoxy)carbonyl)amino]butanoic acid, N-methoxy-N-methylamide 

(372 mg, 1.0 mmol) in tetrahydrofuran is cooled to -78°C and ethyl lithioacetate (72 mg, 3.0 mmol) is added. The 
solution is stirred at -78°C for 1 hour, allowed to warm to room temperature, stirred for 1 hour and poured into dilute 
HCI. The product is extracted by ethyl acetate (3x 150 ml) and the combined organic extracts are washed with NaHCOs, 
dried over Na 2 S0 4 and the solvent removed in vacuo. The crude product is purified by flash chromatography on silica 

30 gel. 

EXAMPLE 2 

3,4*Dioxo-5-f((phenylmethoxv)carbonvl)amino1-6-phenylhexanoic Acid Ethyl Ester 

35 

A solution of 4-hydroxy-6-phenyl-5-[((phenylmethoxy)carbonyl)amino]-3-oxohexanoic acid ethyl ester (397 mg, 
1.0 mmol) is dissolved in acetonitrile (15 ml) and the Dess-Martin periodinane (1.27 g, 3.0 mmol)) is added. To the 
mixture trifluoroacetic acid (342 mg, 3.0 mmol) is added and the mixture is stirred for 48 h. The solvent is removed in 
vacuo and EtOAc (100 ml) is added, followed by the addition of a solution of NaHC0 3 (0.80 g) and Na 2 S 2 0 3 (1 .41 g) 
40 in H 2 0 (25 ml). The organic layer is separated and the aqueous phase extracted with ethyl acetate. The combined 
extracts are dried over NagSgC^ and the solvent is removed in vacuo. The product is purified by flash chromatography 
on silica gel. 

EXAMPLE 3 

45 

3,4-Dioxo-5-f((phenylmethoxy)carbonyl)amino1-6-phenvihexanoic Acid 

To a solution of 3,4-dioxo-5-[((phenylmethoxy)carbonyl)amino]-6-phenylhexanoic acid ethyl ester (400 mg, 1 .0 
mmol) in dioxane/H 2 0 (1 0: 1 ), lithium hydroxide (72 mg, 3.0 mmol) is added. The mixture is stirred for 3 h, the solvents 
50 are removed in vacuo and the crude product is used without purification. 

EXAMPLE 4 

N-r3 > 4-Dioxo-5"(((phenylmethoxy)carbonyl)amino))-6-phenylhexanoyl1glycinamide 

55 

To a solution of 3,4-dioxo-5-[((phenylmethoxy)carbonyl)amino)-6-phenylhexanoic acid (370 mg, 1 .0 mmol) in meth- 
ylene chloride (300 ml) is added N-methylmorpholine (0.30 g, 3.0 mmol). The mixture is cooled to -15°C, and isobu- 
tylchloroformate (136 mg, 1.0 mmol) is added. The mixture is stirred at -15°C for 15 minutes followed by the addition 
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of N.Odimethylhydroxybmine hydrochloride (194 mg, 1.0 mmol). The mixture is stirred at -15°C for 1 hour, allowed 
to warm to room temperature, and stirred for 3 h. The reaction mixture is poured into h^O (300 ml), and the aqueous 
phase is extracted with methylene chloride (2 x 1 50 ml). The combined organic extracts are dried over Ne^SO^ reduced 
in volume to 100 ml, and filtered through silica gel (2 in.). The solvent is removed in vacuo to give the crude product 
s which is purified by flash chromatography. 

The foregoing describes in detail the generic and specific aspects of the scope of the invention as well as the 
manner of making and using the invention. In addition thereto, although such procedures are known in the art, refer- 
ences setting forth state of the art procedures by which the compounds may be evaluated for their biochemical effects 
is also included herein. 

10 For example, human elastase is assayed in vitro using chromophobe peptides, succinytalanylalanylalanyl-p-nitro- 

anilide, methoxysuccinylalanylalanylprolylvalyl-p-nitroanilide, and others, ail of which are available commercially. The 
assay buffer, pH 8.0, and assay techniques are similar to those described by Lottenberg et al. Enzyme is purified from 
human sputum, although recently it has become commercially available. Kinetic characterization of immediate inhibitors 
is by means of the Dixon plot, whereas the characterization of slow- and/or tight-binding inhibitors used data analysis 

is techniques reviewed by Williams and Morrison. 

Similarly, the other proteases are assayed and effects of inhibitors are assessed in vitro by similar spectroscopic 
techniques: cathepsin G; thrombin; chymotrypsin; trypsin; plasmin; C1 esterase; urokinase; plasminogen activator; 
acrosin; p-lactamase; cathepsin B; pepsin; cathepsin D and leucine aminopeptidase. Pseudomonas elastase is meas- 
ured in a coupled assay procedure using a human leastase substrate and microsomal aminopeptidase. 

20 Radiometric assays of angiotensin l-converting enzyme and enkephalinase and their inhibitors are based on the 

procedure of Ryan and usetritiated substrate purchased from Ventrex Laboratories, Inc. Radioimmunoassay is used 
for studies with renin. C3-convertase is measured as described by Tack et al. 

By following the technique referred to above, as well as by utilization of other known techniques, as well as by 
comparison with compounds known to be useful for treatment of the above-mentioned disease states, it is believed 

25 that adequate material is available to enable one of ordinary skill in the art to practice the invention. Of course, in the 
end-use application of the compounds of this invention, the compounds are preferably formulated into suitable phar- 
maceutical preparations such as tablets, capsules or elixers, for oral administration or in sterile solutions or suspensions 
for parenteral administration. The compounds of this invention can be administered to patients (animals and human) 
in need of such treatment in a dosage range of 0.01-10 mg per kg of body weight per day. As stated above, the dose 

30 will vary depending on severity of disease, weight of patient and other factors which a person skilled in the art will 
recognize. 

Typically the compounds described above are formulated into pharmaceutical compositions as discussed below. 

About 10 to 500 mg of a compound or mixture of compounds of Formula I or a physiologically acceptable salt is 
compounded with a physiologically acceptable vehicle, carrier, excipient, binder, perservative, stabilizer, flavor, etc., 
35 in a unit dosage form as called for by accepted pharmaceutical practice. The amount of active substance in these 
compositions or preparations is such that a suitable dosage in the range indicated is obtained. 

Illustrative of the adjuvants which may be incorporated in tablets, capsules and the like are the following: a binder 
such as gum tragacanth, acacia, corn starch or gelatin; an excipient such as microcrystalline cellulose; a disintegrating 
agent such as corn starch, pregelatinized starch, alginic acid and the like: a lubricant such as magnesium stearate; a 
40 sweetening agent such as sucrose, lactose or saccharin; a flavoring agent such as peppermint, oil of wintergreen or 
cherry. When the dosage unit form is a capsule, it may contain in addition to materials of the above type, a liquid carrier 
such as fatty oil. Various other materials may be present as coatings or to otherwise modify the physical form of the 
dosage unit. For instance, tablets may be coated with shellac, sugar or both. A syrup or elixir may contain the active 
compound, sucrose as a sweetening agent, methyl and propyl parabens as preservatives, a dye and a flavoring such 
45 as cherry or orange flavor. 

Sterile compositions for injection can be formulated according to conventional pharmaceutical practice by dissolv- 
ing or suspending the active substance in a vehicle such as water for injection, a naturally occurring vegetable oil like 
sesame oil, coconut oil, peanut oil, cottonseed oil, etc. or a synthetic fatty vehicle like ethyl oleate or the like. Buffers, 
preservatives, antioxidants and the like can be incorporated as required. 

50 

Claims 



55 Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, IT, Li, LU, NL, SE 

1 . Compounds of the formula: 
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the hydrates, isosteres or the pharmaceutical^ acceptable salts thereof, wherein 

Rj is P 2 P 3 or P 2 P 3 P g , P g being a Group K protecting group, 

P 2 is an a-amino acid of Groups E or F, 

P 3 is an a-amino acid of Groups B, E or F or is deleted, 



R 2 is H, the side chain of an a-amino acid of Groups E, F, J, naphthyl, C,_ 7 alkyl, benzyl, phenethyl, or A- 
SiRjRaRg, R 7 , R 8 and R 9 being C V10 alkyl, phenyl, benzyl, phenethyl and A is C,_ 6 alkylene, 
R 3 is C^e alkyl, benzyl or phenethyl, 

R 4 is the residue of an a-amino acid of Groups C, E or H, and 
Y is OR 3 or NHR 3 ; 



the said protecting group or a-amino acids of Groups B, C, E, F, J being as follows: 



B: Glu, Asp 

C: Ser, Thr, Gin, Asn, Cys, His, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, and their N-methyl derivatives; 
E: Ala, p-Ala, Leu, lie, Val, n-Val, p-Val, Met, n-Leu and their methyl derivatives; 

F: Phe, Tyr, O-Methyl Tyrosine, (3-pyrazolyl)Ala, ^-pyrimidinyOAIa, Trp, Nal(1 ) and their N-methyl derivatives ; 
J: 



NH • Nxi 

-CH 2 0(D-)iVHC (J-l) -CH 2 0(p-)C (J-2) 

X NH 2 • \ NH9 



-0(o)-CH 2 NHC^ (J-3) znd - .0(p). C E,C (J d) 

NH 2 



\ 
NE? 



in which 0 represents a phenyl group ; 

K: Acetyl (Ac); Succinyl (Sue), Methoxysuccinyl (H 3 COSuc), Benzoyl (Bz), t-Butyloxycarbonyl (Boc), Car- 
bobenzoxy (CBZ), Tosyl (Ts), Dansyl (DNS), Isovaleryl (Iva), Methoxysuccinyl (MeOSuc), 1-Adaman- 
tanesulphonyl (AdS0 2 ), 1-Adamantaneacetyl (Ad Ac), 2-Carboxybenzoyl (2-CBZ), Phenyiacetyl, t-Butylacetyl 
(Tba), bis [(1-naphthyl)methyl]acetyl (BNMA). 

Compound of claim 1, wherein R A is a protecting group CBZ, Bz or Ac. 

Compound of claims 1 or 2, wherein P 2 is Val, lie, Ala or Pro. 

Compound of any one of claims 1 to 3, wherein P 3 is deleted or P 3 is lie. 
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Compound of any one of claims 1 to 4, wherein Ffe is cyclohexylmethyt, naphthyl or Phe. 
Compound of any one of claims 1 to 5, wherein R3 is C r6 alkyl. 
A process for preparing compounds of the formula: 




R, O O 



the hydrates, isosteres or the pharmaceutical^ accceptable salts thereof, wherein: 

R1 is P 2 P 3 or P 2 P 3 P g , P g being a Group K protecting group, 

P 2 is an cc-amino acid of Groups E or F, 

P 3 is an a-amino acid of Groups B, E or F or is deleted; 

R 2 is H, a residue of an a-amino acid of Groups E, F, J, naphthyl, C v7 alkyl, benzyl, phenethyl, or A-SiR 7 R 8 R 9 , 
Ry, R 8 and R 9 being C^. w alkyl, phenyl, benzyl, phenethyl and A is C^. & alkylene, 
R 3 is C^e alkyl, benzyl or phenethyl, 

R 4 is the residue of an a-amino acid of Groups C, E or H, and 
Y is OR 3 or NHR 3 , 

the said protecting group or a-amino acids of Groups B, C, E : F, J being as follows: 
B: Glu, Asp 

C: Ser, Thr, Gin, Asn, Cys, His, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, and their N-methyl derivatives; 
E: Ala, p-Ala, Leu, Me, Val, n-Val, p-Val, Met, n-Leu and their methyl derivatives; 

F: Phe, Tyr, O-Methyl Tyrosine, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, Trp, Nal(1) and their N-methyl derivatives ; 

J: 

NH 
// 

CH 2 0(p-)C (J-2) 
^ NH 2 

NH 

// 

(J-3) and -0(o)-CH 2 C 

NK 2 



in which 0 represents a phenyl group ; 

K: Acetyl (Ac); Succinyl (Sue), Methoxysuccinyl (H 3 COSuc), Benzoyl (Bz), t-Butyloxycarbonyl (Boc), Car- 
bobenzoxy (CBZ), Tosyl (Ts), Dansyl (DNS),. Isovaleryl (Iva), Methoxysuccinyl (MeOSuc), 1-Adaman- 
tanesulphonyl (AdSG 2 ), 1 -Adamantaneacetyl (AdAc), 2-Carboxybenzoyl (2-CBZ), Phenylacetyl, t-Butylacety! 
(Tba), bis [(1-naphthyl)methyl]acetyl (BNMA), 

said process comprising oxidation of a compound of the formula 



-CE 2 0(p-)NHC 



NH 



(J-l) 



NH? 



NH 
// 

-0(o)-CH9NKC 
r " \ 

NH? 
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R.NHCHCH (OH)C(O) CHC(O) Y 

I I (12) 



said oxidation being effected with: 

io (a) an in s/ru-formed sulfonium adduct formed by reaction of dimethylsulfoxide with (CF 3 CO) 2 0 or (COCI) 2 . 

(b) a pyridinium dichromate in the presence of glacial acetic acid, 

(c) an in situ chromic anhydride-pyridine complex, or (d) 1 ,1 , 1 -triacetoxy-2, 1 -benzoxiodol. 



15 



20 



25 



45 



8. A compound according to any one of claims 1 to 6 for use as a pharmaceutical^ active compound. 

Claims for the following Contracting State : ES 

1. process for preparing compounds of the formula: 



R,NH 




30 the hydrates, isosteres or the phanmaceutically accceptable salts thereof, wherein 

R1 is P 2 P 3 or P 2 P 3 P g , P g being a Group K protecting group, 

P 2 is an a-amino acid of Groups E or F, 
35 P 3 is an a-amino acid of Groups B, E or F or is deleted, 

R 2 is H, a residue of an a-amino acid of Groups E, F, J, naphthyl, C^y alkyl, benzyl, phenethyl, or A-SiR 7 R 8 R 9 , 
R 7 , R 8 and R 9 being C V10 alkyl, phenyl, benzyl, phenethyl and A is C A . 6 alkylene, 

40 R 3 is C^e alkyl, benzyl or phenethyl, 

R 4 is the residue of an a-amino acid of Groups C. E or H. and 

Yis OR 3 or NHR 3 , 

the said protecting group or a-amino acids of Groups B, C, E, R J being as follows: 



B: Glu, Asp; 

C: Ser, Thr Gin, Asn : Cys, His, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, and their N-methyl derivatives; 
so E: Ala, p-Ala, Leu, lie, Val, n-Val : p-Val, Met, n-Leu and their methyl derivatives; 

F: Phe, Tyr, O-Methyl Tyrosine, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, Trp, Nal(1 ) and their N-methyl derivatives ; 

J: 



55 
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NH 



NH 



CH 2 0(2-)NKC (J-D -CH 2 0( P -)C (J-2) 

NfH* ^ NH 2 



NH • NH 

/? . " 

-0(d)-CH9NHC (j_3) and -0(d)-C£± 2 C (j_4) 

NH2 NH 2 



in which 0 represents a phenyl group ; 

K: Acetyl (Ac); Succinyl (Sue), Methoxysuccinyl (H 3 COSuc), Benzoyl (Bz), t-Butyloxycarbonyl (Boc), Car- 
bobenzoxy (CBZ), Tosyl (Ts), Dansyl (DNS), Isovaleryl (Iva), Methoxysuccinyl (MeOSuc), 1-Adaman- 
tanesulphonyl (AdS0 2 ), 1 -Adamantaneacetyl (AdAc), 2-Carboxybenzoyl (2-CBZ), Phenylacetyl, t-Butylacetyl 
(Tba), bis [(1-naphthyl)methyl]acetyl (BNMA) ; 

said process comprises oxidation of a compound of the formula 

R.NHCHCH (OH)C(0)CHC(0)Y 

I I • (12) 

said oxidation being effected with: 

(a) an in s/7u-formed sulfonium adduct formed by reaction of d i met hylsu If oxide with (CF 3 CO) 2 0 or (COCI) 2 ; 

(b) a pyridinium dichromate in the presence of glacial acetic acid ; 

(c) an in situ chromic anhydride-pyridine complex, or 

(d) 1,1,1-triacetoxy-2, 1-benzoxiodol. 

Process according to claim 1, wherein a compound of formula (12) in which is a protecting group CBZ, Bz or 
Ac is used. 

Process according to claim 1, wherein a compound of formula (12) in which P 3 is deleted or P 3 is He is used. 

Process according to claim 1, wherein a compound of formula (12) in which Rg is cyclohexylmethyl, naphthyl or 
Phe is used. 

Process according to claim 1, wherein a compound of formula (12) in which Y is OR3 or NHR 3 in which R 3 is C r 
C 6 alkyl is used. 

Use of a compound obtained according to the process of any one of claims 1 to 5 for the preparation of medicaments 
useful as calpain and cathepsin B inhibitors. 
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Claims for the following Contracting State : GR 

1 . Compounds of the formula: 



344 B1 




the hydrates, isosteres or the pharmaceuticaily acceptable salts thereof, wherein 

R 1 is P2P3 or PaPaPg. P g being a Group K protecting group, 

P 2 is an a-amino acid of Groups E or F, 

P 3 is an a-amino acid of Groups B, E or F or is deleted, 

R 2 is H, the side chain of an a-amino acid of Groups E, F, J, naphthyl, C^. 7 alkyl, benzyl, phenethyl, or A- 
SiR 7 R 8 R 9: R 7 , R 8 and R 9 being C^q alkyl, phenyl, benzyl, phenethyl and A is C.,_ 6 , alkylene, 
R 3 is C^g alkyl, benzyl or phenethyl, 

R 4 is the residue of an a-amino acid of Groups C, E or H, and 
Yis OR 3 or NHR 3 ; 

the said protecting group or a-amino acids of Groups B, C, E, F, J being as follows: 
B: Glu, Asp 

C: Ser, Thr, Gln : Asn, Cys, His, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, and their N-methyl derivatives ; E: Ala, fi- 
Ala, Leu, He, Val, n-Val, p-Val, Met, n-Leu and their methyl derivatives ; 

F: Phe : Tyr, OMethyl Tyrosine, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, Trp ; Nal(1) and their N-methyl derivatives ; 

J: 

NH NH 
// // 
-CH 2 0(p-)NHC (J-D -CE 2 0(p-)C (J-2) 

Vh 2 \ NH, 



NH - NH 

// // 
■0(fi).CH 2 NHC (J ^j £nd • -0(p)-CH 2 C (J-4) 

\"H 2 



in which 0 represents a phenyl group ; 

K: Acetyl (Ac) , Succinyl (Sue) , Methoxysuccinyl (H 3 COSuc), Benzoyl (Bz), t-Butyloxycarbonyl (Boc), Car- 
bobenzoxy (CBZ), Tosyl (Ts), Dansyl (DNS), Isovaleryl (Iva), Methoxysuccinyl (MeOSuc), 1-Adaman- 
tanesulphonyl -AdS0 2 ), 1-Adamantaneacetyl (AdAc), 2-Carboxybenzoyl (2-CBZ), Phenylacetyl, t-Butylacetyl 
(Tba), bis [(1-naphthyl)methyl]acetyl (BNMA). 

2. Compound of claim 1 , wherein R, is a protecting group CBZ, Bz or Ac. 

3. Compound of claims 1 or 2, wherein P 2 is Val, Me, Ala or Pro. 
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Compound of any one of claims 1 to 3, wherein P 3 is deleted or P 3 is He. 
Compound of any one of claims 1 to 4, wherein Ffe is cyclohexylmethyl, naphthyl or Phe. 
Compound of any one of claims 1 to 5, wherein R3 is C n - 6 alkyl. 
A process lor preparing compounds of the formula: 



R,NH 




the hydrates, isosteres or the pharmaceutically accceptable salts thereof, wherein 

R1 is P2P3 or P 2 P3P g . P g being a Group K protecting group, 

P 2 is an a-amino acid of Groups E or F, 

P 3 is an a-amino acid of Groups B, E or F or is deleted, 

R 2 is H, a residue of an a-amino acid of Groups E, F, J, naphthyl, C^y alkyl, benzyl, phenethyl, or A-SiR 7 R 8 R 9 , 
R 7 , R 8 and R 9 being C^q alkyl, phenyl, benzyl, phenethyl and A is C v6 alkylene, 
R 3 is C v6 alkyl, benzyl or phenethyl, 

R 4 is the residue of an a-amino acid of Groups C : E or H ; and 
Y is OR 3 or NHR 3 , 

the said protecting group or a-amino acids of Groups B, C, E, F, J being as follows: 
B: Glu, Asp 

C: Ser, Thr, Gln : Asn, Cys, His, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, and their N-methyi derivatives ; E: Ala, fi- 
Ala, Leu, lie, Val, n-Val, p-Val, Met, n-Leu and their methyl derivatives ; 

F: Phe, Tyr,0- Methyl Tyrosine, (3-pyrazolyl)Ala, (4-pyrimidinyl)AIa, Trp, Nal(1), and their N-methyl derivatives ; 

J: 



NH 

-CK 2 0(d-)NKC cj-d 

\nh 2 



-CH 2 0(p-)C 



NH 



(J-2) 



-0(d)-CH 2 NEC 



NH 
// 



\ 



(J-3) 



NH 2 



NH 



ana 



•0(d)-CH 2 C 



\ 



(J-4) 



NHc 



in which 0 represents a phenyl group ; 

K: Acetyl (Ac), Succinyl (Sue), Methoxysuccinyl (H 3 COSuc), Benzoyl (Bz), t-Butyloxycarbonyl (Boc), Car- 
bobenzoxy (CBZ), Tosyl (Ts), Dansyl (DNS), Isovaleryl (Iva), Methoxysuccinyl (MeOSuc), 1-Adaman- 
tanesulphonyl (AdS0 2 ), 1 -Adamantaneacetyl (AdAc), 2-Carboxybenzoyl (2-CB2), Phenylacetyl, t-Butylacetyl 
(Tba), bis [(l-naphthyl)methyl]acetyl (BNMA) ; said process comprises oxidation of a compound of the formula 
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RjNHCHCH (OH)C(0)CHC(0)Y 



(12) 



said oxidation being efiected with 

(a) an in s/'ru-formed sutfonium adduct formed by reaction of dimethylsuffoxide with (CF 3 CO) 2 0 or (COCI) 2 . 

(b) a pyridinium dichromate in the presence of glacial acetic acid, 

(c) an in situ chromic anhydride-pyridine complex, or 

(d) 1,1,1-triacetoxy-2, 1 -benzoxiodol. 

8. The use of the compounds according to claim 1 for the preparation of medicaments useful as calpain and cathepsin 
B inhibitors. 



Patentanspruche 



Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. Verbindungen der Formel: 



die Hydrate, Isostere oder die pharmazeutisch vertraglichen Salze davon, wobei 
R i P 2 P 3 oder p 2 P 3 p g ist > wobei P g eine Schutzgruppe K ist; 
P 2 eine a-Aminosaure der Gruppen E oder F ist, 

P 3 eine a-Aminosaure der Gruppen B, E oder F ist oder nicht vorhanden ist; 

R 2 H, die Seitenkette einer a-Aminosaure der Gruppen E, F, J, Naphthyl, C^-Alkyl, Benzyl, Phenethyl oder 
A-Si-R 7 R 8 R 9 ist, wobei R 7 , R 8 und R 9 die Bedeutung C^^-Alkyl, Phenyl, Benzyl, Phenethyl haben und A die 
Bedeutung C v6 -Alkylen hat, 
R 3 Cj.e-Alkyl, Benzyl oder Phenethyl ist, 

R 4 der Rest einer a-Aminosaure der Gruppen C, E oder H ist und 
YOR 3 oder NHR 3 ist; 

wobei die Schutzgruppe oder die a-Aminosauren der Gruppen B, C, E, F, J die nachstehende Bedeutung haben: 
B: Glu, Asp: 

C: Ser, Thr, Gin, Asn s Cys, His, (3-Pyrazolyl)-Ala, (4-Pyrimidinyi)-Ala und ihre N-Methyl-Derivate; 
E: Ala, p-Ala, Leu, Me, Val, n-Val, fJ-Val, Met, n-Leu und ihre Methyl-Derivate; 

F: Phe, Tyr, O-Methyl-Tyrosin, (3-Pyrazolyl)-Ala, (4-Pyrimidinyl)-Ala, Trp, Nal(1) und ihre N-Methyl-Derivate; 

J: 
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-CEr3(o-)NliC 



NH 



(J-l) 



-CE20(p-)C 



NH 



(J-2) 



NHo 



NE< 



•0(D)-CH?:NriU 



NH 



\ 



(J— 3) 



und 



NH2 



NH 

// 

-0(B)-CH ? C , 
NE9 



wobei 0 eine Phenylgruppe darstellt; 

K: Acetyl (Ac), Succinyl. (Sue), Methoxysuccinyl (H3COSuc), Benzoyl (Bz), t-Butyloxycarbonyl (Bex), Carbo- 
benzoxy (CBZ), Tosyl (Ts), Dansyl (DNS), Isovaleryl (Iva), Methoxysuccinyl (MeOSuc), 1 -Adamantansulfonyl 
(AdS0 2 ), 1 -Adamantanacetyl (AdAc), 2-Carboxybenzoyl (2-CBZ), Phenylacetyl, t-Butylacetyl (Tba), Bis[ 
( 1 -naphthyl)methy l]acety I (BNM A). 

Verbindung nach Anspruch 1, wobei R 1 eine Schutzgruppe CBZ, Bz oder Ac ist. 

Verbindung nach einem der Anspruche 1 oder 2, wobei P 2 Val, He, Ala oder Pro ist. 

Verbindung nach einem der Anspruche 1 bis 3, wobei P 3 nicht vorhanden ist oder P 3 lie ist. 

Verbindung nach einem der Anspruche 1 bis 4, wobei Rg Cyclohexylmethyl, Naphthyl oder Phe ist. 

Verbindung nach einem der Anspruche 1 bis 5, wobei R 3 C n . 6 -Alkyl ist. 

Verfahren zur Herstellung von Verbindungen der Formel: 




der Hydrate, Isostere oder der pharmazeutisch vertraglichen Salze davon, wobei 
R i P 2 P 3 oder p 2 p 3 p g ist > wobei P g eine Schutzgruppe K ist; 
P 2 eine a-Aminosaure der Gruppen E oder F ist, 

P 3 eine a-Aminosaure der Gruppen B, E oder F ist oder nicht vorhanden ist, 

R 2 H, ein Rest einer a-Aminosaure der Gruppen E, F, J, Naphthyl, C^y-Alkyl, Benzyl Phenethyl oder A-Si-R 7 R 8 R 9 
ist, wobei R 7 , R 6 und R 9 die Bedeutung C^^-Alkyl, Phenyl, Benzyl, Phenethyl haben und A die Bedeutung 
C v6 -Alkylen hat, 

R 3 C^g-Alkyl, Benzyl oder Phenethyl ist, 

R 4 der Rest einer a-Aminosaure der Gruppen C, E oder H ist und 
Y OR 3 oder NHR 3 ist; 

wobei die Schutzgruppe oder die a-Aminosauren der Gruppen B, C : E, F, J die nachstehende Bedeutung haben: 
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B: Giu, Asp; 

C: Ser, Thr, Gin, Asn; Cys, His, (3-Pyrazoryl)-Ala, (4-Pyrimidinyl)-Ala und ihre N-Methyl-Derivate; 
E: Ala, [S-Ala, Leu, lie, Val, n-Val, pval, Met, n-Leu und ihre Methyl- Derivate; 

F: Phe, Tyr, O-Methyl-Tyrosin, (3-Pyrazolyl)-Ala, (4-Pyrimidinyl)-Ala, Trp, Nal(1) und ihre N-Methyl-Derivate; 

J: 

NH NH 
// // 
H20(2-)*~KC (J-l) -CH 2 0(p-)C (J-2) 

X NHo " \ NH? 



NH NE 
_ // // 
-0(c)~CK?^C^ (j^) und -0(2)-CE 2 C (J-4) 

NE 2 \e 2 
wobei 0 eine Phenylgruppe darstellt; 

K: Acetyl (Ac), Succinyl (Sue), Methoxysuccinyl (H 3 COSuc), Benzoyl (Bz), t-Butyloxycarbonyl (Boc), Carbo- 
benzoxy (CBZ), Tosyl (Ts), Dansyl (DNS), Isovaleryl (Iva), Methoxysuccinyl (MeOSuc), 1-Adamantansulfonyl 
(AdS0 2 ), 1 -Adamantanacetyl (AdAc), 2-Carboxybenzoyl (2-CBZ), Phenylacetyl, t-Butylacetyl (Tba), Bis[ 
(1-naphthyl)methyl]acetyl (BNMA), wobei das Verfahren die Oxidation einer Verbindung der Formel 

R T NHCHCH (0H)C(0)CHC(O)Y 

I I (12) 

R, R 4 

umfaGt, wobei die Oxidation durchgefuhrt wird mit: 

(a) einem in situ hergestellten Sulfonium-Addukt, das durch Umsetzung von Dimethylsulfoxid mit (CF 3 CO) 2 0 
Oder (COCI) 2 hergesteilt wird s 

(b) einem Pyridiniumdichromat in Gegenwart von Eisessig, 

(c) einem in situ-Cbromsaureanhydrid-Pyridin-Komplex Oder 

(d) 1,1,1-Triacetoxy-2, 1-benzoxiodol. 

8. Verbindung nach einem der Anspruche 1 bis 6 zur Verwendung als eine pharmazeutisch aktive Verbindung. 



Patentanspruche fur folgenden Vertragsstaat : ES 

1. Verfahren zur Herstellung von Verbindungen der Formel: 



0 



R,NH 





Y 



C C 

II II 

FL O O 



der Hydrate, Isostere Oder der pharmazeutisch vertraglichen Salze davon, wobei 
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R, P 2 P 3 Oder P 2 P3P g *st, wobei P g eine Schutzgruppe K ist; 
P 2 eine a-Aminosaure der Gruppen E Oder F ist, 

P 3 eine a-Aminosaure der Gruppen B, E Oder F ist oder nicht vorhanden ist, 

H, ein Rest einer a-Aminosaure der Gruppen E, F, J, Naphthyl, C^-Alkyl, Benzyl, Phenethyl oder A-Si- 
R 7 R 8 R9 ist, wobei Ry, R 8 und R g die Bedeutung C 1 . 10 -Alkyl 1 Phenyl, Benzyl, Phenethyl haben und A die 
Bedeutung C^-Alkylen hat, 
R 3 C^-Alkyl, Benzyl oder Phenethyl ist, 

R 4 der Rest einer a-Aminosaure der Gruppen C, E oder H ist und 
Y OR 3 Oder NHR 3 ist; 

wobei die Schutzgruppe oder die a-Aminosauren der Gruppen B, C, E, F, J die nachstehende Bedeutung haben: 
B: Glu, Asp; 

C: Ser, Thr, Gin, Asn, Cys, His, (3-Pyrazolyl)-Ala, (4-Pyrimidinyl)-Ala und ihre N-Methyl-Derivate; 
E: Ala, p-Ala, Leu, lie, Val, n-Val, p-Val, Met, n-Leu und ihre Methyl-Derivate; 

F: Phe, Tyr, O-Methyl-Tyrosin, (3-Pyrazolyl)-Ala, (4-Pyrimidinyl)-Ala, Trp, Nal(l) und ihre N-Methyl-Derivate; 

J: 



NK 



-CE^Qfc-JNKC 



(J -i) 



-CH 2 0(p-)C 



(J-2) 



NH-j 



C-7 



NH 

// 

-<3(£)-Cii2i v <«-C (j_3) 
V NH 2 



NE 



und 



-©(dJ-CEtC 



\ 



(J-4) 



NH 2 



wobei 0 eine Phenylgruppe darstellt; 

K: Acetyl (Ac), Succinyl (Sue), Methoxysuccinyl (H3COSuc), Benzoyl (Bz), t-Butyloxycarbonyl (Boc). Carbo- 
benzoxy (CBZ), Tosyl (Ts), Dansyl (DNS), Isovaleryl (Iva), Methoxysuccinyl (MeOSuc), 1-Adamantansulfonyl 
(AdS0 2 ), 1 -Adamantanacetyl (AdAc), 2-Carboxybenzoyl (2-CBZ), Phenylacetyl, t-Butylacetyl (Tba), Bis[ 
(1-naphthyl)methyl]acetyl (BNMA), wobei das Verfahren die Oxidation einer Verbindung der Formel 



R,NHCHCH(OH)C(0)CHC(0)Y 

I (12) 



umfafit, wobei die Oxidation durchgefuhrt wird mit: 

(a) einem in situ hergestellten Sulfonium-Addukt, das durch Umsetzung von Dimethylsulfoxid mit (CF 3 CO) 2 0 
oder (COCI) 2 hergestellt wird, 

(b) einem Pyridiniumdichromat in Gegenwart von Eisessig, 

(c) einem in situ-Chromsaureanhydrid-Pyridin-Komplex oder 

(d) 1.1,1 -Triacetoxy-2, 1 -benzoxiodol. 

Veriahren nach Anspruch 1, wobei eine Verbindung der Formel (12), in der R, eine Schutzgruppe CBZ, Bz oder 
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Ac ist, verwendet wird. 

3. Verfahren nach Anspruch 1 , wobei eine Verbindung der Formel (12), in der P 3 nicht vorhanden ist oder P 3 lie ist, 
verwendet wird. 

4. Verfahren nach Anspruch 1, wobei eine Verbindung der Formel (12), in der Rg Cyclohexy (methyl, Naphthyl oder 
Phe ist, verwendet wird. 

5. Verfahren nach Anspruch 1, wobei eine Verbindung der Formel (12), in der Y OR3 oder NHR 3 ist und in der R 3 
C^-Akyl ist, verwendet wird. 

6. Verwendung einer nach dem Verfahren nach einem der Anspruche 1 bis 5 erhaltenen Verbindung zur Herstellung 
von Medikamenten, die als Hemmstoffe von Calpain und Cathepsin B geeignet sind. 

Patentanspruche f Or folgenden Vertragsstaat : GR 

1. Verbindungen der Formel: 



die Hydrate, Isostere oder die pharmazeutisch vertraglichen Salze davon, wobei 
R1 p 2 P 3 oder Fy^Pg ist > W0De " p g ejne Schutzgruppe K ist; 
P 2 eine a-Aminosaure der Gruppen E oder F ist, 

P 3 eine a-Aminosaure der Gruppen B, E oder F ist oder nicht vorhanden ist, 

R 2 H, die Seitenkette einer a-Aminosaure der Gruppen E, F, J, Naphthyl, C^-Alkyt, Benzyl, Phenethyl oder A- 
Si-R 7 R e R 9 ist, wobei R 7 , R 8 und R 9 die Bedeutung C 1 . 10 -Alkyl, Phenyl, Benzyl, Phenethyl haben und A die 
Bedeutung C^g-Alkylen hat, 

R3 C v6 -Alkyl, Benzyl oder Phenethyl ist, 

R 4 der Rest einer a-Aminosaure der Gruppen C, E oder H ist und 
Y OR 3 Oder NHR 3 ist; 

wobei die Schutzgruppe oder die a-Aminosauren der Gruppen B, C, E, F, J die nachstehende Bedeutung haben: 
B: Glu, Asp: 

C: Ser, Thr, Gin, Asn, Cys, His, (3-pyrazolyl)-Ala, (4-Pyrimidinyl)-Ala und ihre N-Methyl-Derivate; 
E: Ala, p-Ata, Leu, lie, Val, n-Val } p-Val, Met, n-Leu und ihre Methyl-Derivate; 

F: Phe, Tyr, O-Methyi-Tyrosin, (3-pyrazolyl)-Ala, (4-Pyrimidinyl)-Ala, Trp, Nal(1) und ihre N-Methyl-Derivate; 

J: 




nh 



// 



-CH20(2-)^fHC 



(J-l) 



-CH 2 0(p-)C 



(J-2) 



\ 



\ 



NH 2 



26 



EP 0 364 344 B1 



-0(p)-CH 2 NHC 



(J-3) 



und 



-0(2)-CH 2 C 



(J-4) . 



\ 



\ 



NH 2 



wobei 0 eine Phenylgruppe darstellt; 

K: Acetyl (Ac), Succinyl (Sue), Methoxysuccinyl (H 3 COSuc), Benzoyl (Bz), t-Butyloxycarbonyl (Boc), Carbo- 
benzoxy (CBZ), Tosyl (Ts), Dansyl (DNS), Isovaleryl (Iva), Methoxysuccinyl (MeOSuc), 1 -Adamantansulfonyl 
(AdS0 2 ), 1 -Adamantanacetyl (Ad Ac), 2-Carboxybenzoyl (2-CBZ), Phenylacetyl, t-Butylacetyl (Tba), Bts[ 
(1-naphthyl)methyl]acetyl (BNMA). 

Verbindung nach Anspruch 1, wobei eine Schutzgruppe CBZ, Bz Oder Ac ist. 

Verbindung nach einem der Anspruche 1 oder 2, wobei P 2 Vat, lie, Ala oder Pro ist. 

Verbindung nach einem der Anspruche 1 bis 3, wobei P 3 nicht vorhanden ist oder P 3 lie ist. 

Verbindung nach einem der Anspruche 1 bis 4, wobei R2 Cyclohexylmeihyl, Naphthyl oder Phe ist. 

Verbindung nach einem der Anspruche 1 bis 5, wobei R 3 C^-Alkyl ist. 

Verfahren zur Herstellung von Verbindungen der Formel: 



der Hydrate, Isostere oder der pharmazeutisch vertraglichen Salze davon, wobei 
Rj P 2 P 3 oder P 2 P 3 P g ist, wobei P g eine Schutzgruppe K ist; 
P 2 eine a-Aminosaure der Gruppen E oder F ist, 

P 3 eine a-Aminosaure der Gruppen B, E oder F ist Oder nicht vorhanden ist, 

R 2 H, ein Rest einer a-Aminosaure der Gruppen E, F, J, Naphthyl, C^j-Alkyl, Benzyl, Phenethyl oder A-SI- 
R 7 R 8 R 9 ist, wobei R 7 , R 8 und R 9 die Bedeutung C^Q-Alkyl, Phenyl, Benzyl, Phenethyl haben und A die 
Bedeutung C^-Alkylen hat, 

R 3 C^-Alkyl, Benzyl oder Phenethyl ist, 

R 4 der Rest einer a-Aminosaure der Gruppen C, E oder H ist und 
Y OR 3 Oder NHR 3 ist; 

wobei die Schutzgruppe oder die a-Aminosauren der Gruppen B, C, E, F, J die nachstehende Bedeutung haben: 
B: Glu, Asp; 

C: Ser, Thr, Gin, Asn, Cys, His, (3-Pyrazolyl)-Ala, (4-Pyrimidinyl)-Ala und ihre N-Methyl-Derivate; 
E: Ala, p-Ala, Leu, lie, Val, n-Val s p-Val, Met, n-Leu und ihre Methyl-Derivate; 

F: Phe, Tyr, O-Methyl-Tyrosin, (3-Pyrazolyl)-Ala, (4-Pyrimidinyl)-Ala, Trp, Nal(1) und ihre N-Methyl-Derivate; 
J: 
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KH • NE 

: -3(o-)NHC (J-l) -CH 2 0(p-)C_ (J-2) 

\fH 2 \ NKo 



NH NH 
// // 
•0(B)-CH 2 NHC ( j_3) und -0( a )-CK 2 C , 

NH2 \h 2 
wobei 0 eine Phenylgruppe darstellt; 

K: Acetyl (Ac), Succinyl (Sue), Methoxysuccinyl (H 3 COSuc), Benzoyl (Bz), t-Butyloxycarbonyl (Boc), Carbo- 
benzoxy (CBZ), Tosyl (Ts), Dansyl (DNS), Isovaleryl (Iva), Methoxysuccinyl (MeOSuc), 1 -Adamantansulfonyl 
(AdS0 2 ), 1 -Adamantanacetyl (Ad Ac), 2-Carboxybenzoyl (2-CBZ), Phenylacetyl, t-Butylacetyl (Tba), Bis[ 
(1-naphthyl)methyl]acetyl (BNMA), wobei das Verfahren die Oxidation einer Verbindung der Formel 

RjNHCHCH (OH)C(0)CHC(0)Y 

I | (12) 

umfafct, wobei die Oxidation durchgetuhrt wird mit: 

(a) einem in situ hergestellten Sulfonium-Addukt, das durch Umsetzung von Dimethylsulfoxid mit (CF 3 CO) 2 0 
oder (COCI) 2 hergestellt wird : 

(b) einem Pyridiniumdichromat in Gegenwart von Eisessig, 

(c) einem in situ-Chromsaureanhydrid-Pyridin-Komplex oder 

(d) 1,1,1 -Triacetoxy-2, 1 -benzoxiodol. 

8. Verwendung von Verbindungen nach Anspruch 1 zur Herstellung von Medikamenten, die als Hemmstoffe von 
Calpain und Cathepsin B geeignet sind. 



Revendications 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1 . Composes de f ormule : 



R { NH 




leurs hydrates, isosteres ou sels pharmaceutiquement acceptables, ou 
F^ est P2P3 ou P2P3P g . P g etant un groupe protecteur du Groupe K, 
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P 2 est un aclde a-amine des Groupes E ou F. 

P 3 est un acide a-amine des Groupes B, E, F ou est supprim6, 

R2 est H, ta chaine lateraie d'un acide a-amine des Groupes E, F, J, un naphtyle, un alkyle en 0^-C 7 , un benzyle, 
un phenethyle ou -A-SiF^F^Rg, Ft?, R 8 et Rg etant un alkyle en C 1 -C 10 , un phenyle, un benzyle, un phenethyle 
et A est un alkylene en Cj-Cg, 

R 3 est un alkyle en (VC 6l un benzyle ou un phenetyle, 

R 4 est le residu d'un acide a-amine des Groupes C, E ou H, et 

Y est OR 3 ou NHR 3 , 

ledrt groupe protecteur ou les acides a-amines des Groupes B, C, E, F, J etant comme suit : 
B : Glu, Asp ; 

C : Ser, Thr, Gin, Asn, Cys, His, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala et leurs deriv6s N-methyles ; 
E : Ala, p-Ala, Leu, lie, Val, n-Val, p-Val, Met, n-Leu et leurs derives methyles ; 

F: Phe, Tyr, O-methy Ity rosin e, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, Trp, Nal(1) et leurs derives N-methyles ; 

J: 

- CH 2 <Kp- )NHC (J-l) -CH 2 (|)(p-)C (J- 2) 



^NH 2 \lH 2 



- <j)(p)- CH 2 NHC 



// 



NH 



\ 



(J- 3) et - <|)(p)- CH 2 C 



\ 



(J- 4) 



ou ()) represente un groupe phenyle ; 
K: Acetyle (Ac), Succinyle (Sue), Methoxysuccinyle (H 3 COSuc), Benzoyle (Bz), t-butyloxycarbonyle (Boc), Car- 
bobenzoxy (CBZ), Tosyle (Ts), Dansyle (DNS), Isovateryle (Iva), Methoxysuccinyle (MeOSuc), 1 -adamanta- 
nesulfonyle (AdS0 2 ), 1-adamantaneacetyle (AdAc), 2-carboxybenzoyle (2-CBZ), phenylacetyle, t-butylace- 
tyle (Tba), bis[(1-naphtyl)methyl]acetyle (BNMA). 

Compose selon la revendication 1, dans lequel est un groupe protecteur CBZ, Bz ou Ac. 

Compose selon les revendications 1 ou 2, dans lequel P 2 est Val, lie, Ala ou Pro. 

Compose selon Tune quelconque des revendications 1 a 3, dans lequel P 3 est supprime ou P 3 est lie. 

Compose selon Tune quelconque des revendications 1 a 4, dans lequel R2 est un cyclohexylmethyle, un naphtyle 
ou Phe. 

Compose selon Tune quelconque des revendications 1 a 5, dans lequel R 3 est un alkyle en C r C 6 . 
Procede de preparation de composes de formule : 
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de leurs hydrates, isosteres ou sels pharmaceutiquement acceptabies, ou 

est P 2 P 3 ou P 2 P 3 P g . P g 6tant un groupe protecteur du Groupe K, 

P 2 est un acide a-amin6 des Groupes E ou F, 

P 3 est un acide cx-amine des Groupes B, E, F ou est supprime, 

R 2 est H, un residu d'un acide a-amine des Groupes E, F F J, un naphtyle, un alkyle en C r C 7 , un benzyle, un 
phenethyle ou A-SiR 7 R 8 Rg, R 7 , R 8 et Rg etant un alkyle en C,-C 10 , un phenyle, un benzyle, un phenethyle 
et A est un alkylene en C r C 6 , 

R 3 est un alkyle en C r C 6: un benzyle ou un phenethyle, 

R 4 est le residu d'un acide a-amine des Groupes C, E ou H, et 

Y est OR 3 ou NHR 3 , 



ledit groupe protecteur ou les acides a-amines des Groupes B, C, E, F, J etant comme suit : 
B: Glu, Asp; 

C : Ser, Thr, Gin, Asn, Cys, His, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala et leurs derives N-m6thyl6s ; 
E : Ala, (i-Ala, Leu, lie, Val, n-Val, p-Val : Met, n-Leu et leurs derives m6thyl6s ; 

F: Phe, Tyr, 0-m6thyltyrosine, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, Trp, Nal(1) et leurs d6riv6s N-m6thyles ; 

J: 

- CH 2 <|)(p- )NHC' (J- I) - CH 2 <j)(p- )C^ (J- 2) 

NH 2 NH 2 



(|)(p)- CH^NHC 



// 



NH 



\ 



KH- 



(J- 3) et - (|)(p)- CH 2 C 



\ 



(J- 4) 



ou $ represente un groupe phenyle ; 
K: Acetyle (Ac), Succinyle (Sue), Methoxysuccinyle (H 3 COSuc), Benzoyle (Bz), t-butyloxycarbonyle (Boc), Car- 
bobenzoxy (CBZ), Tosyle (Ts), Dansyle (DNS), Isovaleryle (Iva), Methoxysuccinyle (MeOSuc), 1-adamanta- 
nesulfonyle (AdS0 2 ), 1 -adamantaneac6tyle (AdAc), 2-carboxybenzoyle (2-CBZ), Ph6nylac6tyle, t-butylac6- 
tyle (Tba), bis [(1-naphtyl)methyl]acetyle(BNMA), 

fedit precede comprenant Poxydation d'un compose de formule : 
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R j NHCHCH(OH)C(0)CHC(0)Y 



(12) 





ladite oxydation etant realisee avec : 

(a) un produit d'addition de sulfonium forme in situ, forme par la reaction de dimethylsulfoxyde avec (CF 3 CO)20 
ou (COCI) 2 , 

(b) un dichromate de pyridinium en presence d'acide acetique glacial, 

(c) un complexe anhydride de chrome-pyridine in situ ou 

(d) du 1 , 1 ,1 -triacetoxy-2, 1 -benzoxiodol. 

8. Un compose seton Tune quelconque des revendications 1 a 6, pour son utilisation en tant que compose pharma- 
ceutiquement actif. 



Revendications pour I'Etat contractant suivant : ES 

1 . Procede de preparation de composes de formule : 



de leurs hydrates, isosteres ou sels pharmaceutiquement acceptables, ou 

R., est P 2 P 3 ou P 2 P 3 P g . P g oXanX un groupe protecteur du Groupe K, 

P 2 est un acide a-amine des Groupes E ou F, 

P 3 est un acide a-amine des Groupes B, E, F ou est supprime, 

R 2 est H, un residu d'un acide a-amine des Groupes E, F, J, un naphtyle, un alkyle en C r C 7 , un benzyle, un 
phenethyle ou A-SiR 7 R gRg. Ry, Rq et Rg etant un alkyle en C^-C^q, un phenyle, un benzyle, un ph6nethyle 
et A est un alkylene en C r C 6 , 

R 3 est un alkyle en C^-Cg, un benzyle ou un phenethyle, 

R 4 est le residu d'un acide a-amine des Groupes C : E ou H, et 

Y est OR 3 ou NHR 3 , 

ledit groupe protecteur ou les acides a-amines des Groupes B, C, E, F, J etant comme suit : 
B: Glu, Asp ; 

C : Ser, Thr, Gin, Asn, Cys, His, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala et leurs derives N-methyles ; 
E : Ala, [i-Ala, Leu, lie, Val, n-Val, p-Val, Met, n-Leu et leurs derives methyles ; 

F: Phe, Tyr, O-methyltyrosine, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, Trp, Nal(1) et leurs derives N-methyles ; 

J: 
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// 
\ 



NH 



- CH 2 (()(p- )N.HC 



(J-l) 



- CH 2 <|)(p- )C 



\ 
NH 2 



(J- 2) 



NH 



\ 



.NH 



- <Kp)- ch 2 nhc 



(J- 3) et - <j>(p)- CH 2 C 



\ 



(J- 4) 





ou <J> represente un groupe phenyle ; 
K: Acetyle (Ac) : Succinyle (Sue), Methoxysuccinyle (H 3 COSuc), Benzoyle (Bz), t-butyloxycarbonyle (Boc), Car- 
bobenzoxy (CBZ), Tosyle (Ts), Dansyle (DNS), Isovaleryle (Iva), Methoxysuccinyle (MeOSuc); 1 -adamanta- 
nesulfonyle (AdS0 2 ), 1-adamantaneacetyle (AdAc) : 2-carboxybenzoyle (2-CBZ), phenylac6tyle, t-butylac6- 
tyle (Tba), bis[(1-naphtyi)methyl] acetyle (BNMA), 

ledit precede comprenant I'oxydation d'un compose de formule : 



ladite oxydation etant realisee avec : 

(a) un produit d'addition de sulfonium forme in situ par la reaction de dimethylsulfoxyde avec (CF 3 CO) 2 0 ou 
(COCI) 2 , 

(b) un dichromate de pyridinium en presence d'acide acetique glacial, 

(c) un complexe anhydride de chrome-pyridine in situ ou 

(d) du l^.l-triacetoxy^J-benzoxiodol. 

Procede selon la revendication 1 , dans lequel on utilise un compose de formule (1 2) dans laquelle Ft, est un groupe 
protecteur CBZ, Bz ou Ac. 

Procede selon la revendication 1 , dans lequel on utilise un compose de formule (12) dans laquelle P 3 est supprime 
ou P 3 est lie. 

Procede selon la revendication 1, dans lequel on utilise un compose de formule (12) dans laquelle est un 
cyclohexylmethyle, un naphtyle ou Phe. 

Procede selon la revendication 1, dans lequel on utilise un compose de formule (12) dans laquelle Y est OF^ ou 
NHR 3 , R 3 etant un alkyle en C r C 6 . 

Utilisation d'un compose obtenu par le procede, selon Tune quelconque des revendications 1 a 5, pour la prepa- 
ration de medicaments utiles en tant qu'inhibiteurs de la calpaine et de la cathepsine B. 



R y N HCHCH(OH)C(0)CHC(0)Y 



(12) 
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Revendicatfons pour I'Etat contractant suivant : GR 

1 . Composes de formule : 




ses hydrates, isosteres ou sels pharmaceutiquement acceptables, ou 

R, est P 2 P 3 ou P 2 P 3 P g , P g etant un groupe protecteur du Groupe K, 

P 2 est un acide a-amine des Groupes E ou F, 

P 3 est un acide a-amine des Groupes B, E, F ou est supprime, 

R 2 est H, la chaine laterale d'un acide a-amine des Groupes E, F, J, un naphtyle, un alkyle en C.,-C 7 , un benzyle, 
un phenethyle ou A-SiR 7 R 8 R 9 , R 7 ; R 8 et R 9 etant un alkyle en CyC^ 0 , un phenyle, un benzyle, un phenethyle 
et A est un alkylene en C^-Cq, 

R 3 est un alkyle en C,-C 6l un benzyle ou un phenethyle, 

R 4 est le residu d'un acide a-amine des Groupes C, E ou H, et 

Y est OR 3 ou NHR 3 , 



ledit groupe protecteur ou les acides a-amines des Groupes B, C, E, F, J etant comme suit : 
B : Glu, Asp 

C : Ser, Thr, Gln : Asn, Cys, His, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala et leurs derives N-methyles 
E: Ala, p-Ala, Leu, lie, Val, n-Val, p-Val, Met, n-Leu et leurs derives methyles 

F: Phe, Tyr, O-methyltyrosine, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, Trp, Nal(1) et leurs derives N-methyles 

- CH 2 <|.(p- )NHC^ (J-l) -CH 2 «|>(p-)C (J- 2) 

NH 2 NH 2 



- <|)(p)- CH 2 NHC 



NH 



\ 



NHn 



(j - 3) et - <|)(p)- CH 2 C 



(J- 4) 



ou 0 represente un groupe ph6nyle ; 
K: Acetyle (Ac), Succinyle (Sue), Methoxysuccinyle (H 3 COSuc), Benzoyle (Bz), t-butyloxycarbonyle (Boc), Car- 
bobenzoxy (CBZ), Tosyle (Ts), Dansyle (DNS), IsovalSryle (Iva), Methoxysuccinyle (MeOSuc), 1-adamanta- 
nesulfonyle (AdS0 2 ), 1-adamantaneacetyle (Ad Ac). 2-carboxybenzoyle (2-CBZ), phenylacetyle, t-butylac6- 
tyle (Tba), bis[(1-naphtyl)m6thyl]acetyle (BNMA). 

2. Compose selon la revendication 1, dans lequel R., est un groupe protecteur CBZ, Bz ou Ac. 
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Compost selon les revendications 1 ou 2, dans lequel P 2 est Val, lie, Ala ou Pro. 

Compose selon Tune quelconque des revendications 1 a 3, dans lequel P 3 est supprime ou P 3 est He. 

Compose selon I'une quelconque des revendications 1 a 4, dans lequel est un cyclohexylmethyle, un naphtyle 
ou Phe. 

Compose selon Tune quelconque des revendications 1 a 5, dans lequel R3 est un alkyle en C r C 6 . 
Precede de preparation de composes de formule : 



de leurs hydrates, isosteres ou sels pharmaceutiquement acceptabtes, ou 

est P 2 P 3 ou P 2 P 3 P g , P g etant un groupe protecteur du Groupe K, 

P 2 est un acide a-amine des Groupes E ou F, 

P 3 est un acide a-amine des Groupes B, E, F ou est supprime, 

R 2 est H s un residu d'un acide a-amine des Groupes E, F, J, un naphtyle, un alkyle en C^Cj, un benzyle, un 
phenethyle ou A-SiR 7 R 8 R9, R 7 , R 8 et Rg etant un alkyle en C r C 10 , un phenyle, un benzyle, un phenethyle 
et A est un alkylene en C r C 6 , 

R 3 est un alkyle en C r C 6 , un benzyle ou un phenethyle, 

R 4 est le residu d'un acide a-amine des Groupes C, E ou H, et 

Y est OR3 ou NHR 3 , 

ledit groupe protecteur ou les acides a-amines des Groupes B, C, E, F, J etant comme suit : 
B : Glu, Asp ; 

C : Ser, Thr, Gin, Asn, Cys, His, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala et leurs derives N-methyles ; 
E: Ala, |i-Ala, Leu, lie, Val, n-Val, p-Val, Met, n-Leu et leurs derives methyles; 

F: Phe, Tyr, O-methyltyrosine, (3-pyrazolyl)Ala, (4-pyrimidinyl)Ala, Trp, Nal(t) et leurs derives N-methyles ; 

J: 





\ 



(j-i) 




\ 



(J- 2) 



NH 2 



NH 2 




\ 



(J- 3) et 




\ 



(J- 4) 



NH 2 



NH 2 
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ou $ represente un groupe phenyle ; 
K: Acetyle (Ac), Succinyle (Sue), Methoxysuccinyle (H 3 COSuc), Benzoyle (Bz), t-butyloxycarbonyle (Boc), Car- 
bobenzoxy (CBZ), Tosyle (Ts) : Dansyle (DNS), isovaleryle (Iva), Methoxysuccinyle (MeOSuc), 1-adamanta- 
nesulfonyle (AdS0 2 ), 1-adamantaneacetyle (AdAc), 2-carboxybenzoyle (2-CBZ), phenylacetyle, t-butylace- 
tyle (Tba), bis[(1-naphtyl)methyl]acetyle (BNMA), 

ledrt precede comprenant I'oxydation d'un compose de formule : 



R j NHCHCH(OH)C(0)CHC(0)Y (12) 
R 2 R 4 



ladite oxydation etant realisee avec : 

(a) un produit d'addition de sulfonium forme in situ par la reaction de dimethylsulfoxyde avec (CF 3 CO) 2 0 ou 
(COCI) 2 , 

(b) un dichromate de pyridinium en presence d'acide acetique glacial, 

(c) un complexe anhydride de chrome-pyridine in situ ou 

(d) du 1 , 1 ,1 -triacetoxy-2, 1 -benzoxiodol. 

Utilisation des composes selon la revendication 1 pour la preparation de medicaments utiles en tant qu'inhibiteurs 
de la calpaine et de la cathepsine B. 



35 



